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THE MARS LANDER/ROVER 
( MLR 1 

Growing 
need f o r  

An Advanced Space Design P ro jec t  
f o r  

USHA and NASA/OAST 

bY 
UTAH STATE UNIVERSITY 

n t e r e s t  i n  a f u t u r e  manned mission t o  Mars i l l u m i n a t e s  a c r i t i c a  
more i n f o r m a t i o n  on t h e  Mart ian environment, sur face condi t ions.  

weather pa t te rns ,  topography, etc.  
i n f o r m a t i o n  o f  t h i s  type, they d i d  i t  only  from f i x e d  l oca t i ons .  
r e a l  need f o r  V i k ing  t ype  in fo rma t ion  from a number o f  l o c a t i o n s  on t h e  
Mart ian sur face i n  order  t o  adequately survey the  p l a n e t  f o r  f u t u r e  l and ing  
and e x p l o r a t i o n  s i t e s .  Current s i t e  survey mission d iscuss ions range from 
Mars o r b i t e r s  t o  sample r e t u r n  missions. The l i m i t e d  data r e t u r n  from t h e  
former and t h e  extreme expense o f  t h e  l a t t e r  suggest cons ide ra t i on  o f  a 
"middle ground" miss ion which provides needed survey i n fo rma t ion  f o r  an 
acceptable investment. 

While t h e  V ik ing - landers  prov ided valuable 
There i s  a 

Utah S ta te  U n i v e r s i t y  (USU) proposes t o  design a MARS LANDER/ROVER (MLR) f o r  
use i n  ga the r ing  needed environmental and sur face i n fo rma t ion  from Mars. 
Ph i l osoph ica l l y ,  t h e  MLR w i l l  resemble a mobi le Vik ing;  t h a t  i s ,  i t  w i l l  move 
from l o c a t i o n  t o  l o c a t i o n  on t h e  Mart ian surface, measuring environmental 
cond i t i ons ,  analyz ing s o i l  samples, c h a r t i n g  topographical  features,  e tc .  
Measured data w i l l  then be telemetered t o  Earth f o r  f u r t h e r  analys is .  

Conceptual ly, i t  i s  envis ioned t h a t  t h e  MLR survey l o c a t i o n s  w i l l  be r a t h e r  
widely  separated. I n  t h a t  sense, t h e  MLR w i l l  no t  be a t e r r e s t r i a l  v e h i c l e  
l i m i t e d  t o  l o c a l  movement about a f i x e d  l oca t i on .  Rather, i t  w i l l  have t h e  
capabi 1 i t y  f o r  movement over 1 ong d i  stances t o  reach widely  separated 
1 ocat i ons . 
The design focus, then, w i l l  be upon a MARS LANDEH/ROVER t h a t  w i l l  leave an 
o r b i t  around Mars, reen te r  and s o f t  l a n d  on t h e  Mart ian surface, and move 
sequenti  a1 l y  t o  widely  sca t te red  1 o c a t i  ons t o  sample, measure, and analyze 
Mart ian envi  ronmental and sur face condi t ions.  

The desiyn course w i l l  be of fered f o r  1 c r e d i t  hour du r ing  F a l l  Quarter.  
Primary goals will be payload mass and s i z e  d e f i n i t i o n ,  c h a r a c t e r i z a t i o n  o f  
t h e  Mart i an atmosphere, se l  e c t  i on o f  sampl i ng 1 ocat i ons , i dent i f i c a t  i on o f  
a l t e r n a t i v e  design concepts, s e l e c t i o n  o f  a p r e f e r r e d  design, team 
organizat ion,  and p repara t i on  f o r  t h e  d e t a i l e d  desiyn phase. 
c r e d i t )  o f  t h e  course w i l l  increase s u b s t a n t i a l l y  du r ing  Winter and Spring 
Quar ters  as t h e  d e t a i l e d  design phase i s  entered and completed. 

The tempo (and 
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The MARS LANDER/ROVER (MLR) design p r o j e c t  a t  Utah S ta te  U n i v e r s i t y  (USU) 
commenced F a l l  Quar te r  1986 w i t h  t h e  goal o f  determining p r e l i m i n a r y  
i n fo rma t ion  p e r t a i n i n g  t o  design cons t ra in t s ,  f e a s i b i l i t y ,  and system mass. I n  
order  t o  accomplish these object ives,  t h e  c lass  was d i v i d e d  i n t o  f o u r  groups: 
Pay1 oad S i r i n g ,  S o f t  Landi ng, T ra jec to ry  and Envi ronment , and Rover Systems. 
Each team i n v e s t i g a t e d  t h e i r  area and presented weekly progress summaries i n  
c lass  meetings. 
i n fo rma t ion  between t h e  groups and discussions w i t h  an emphasis placed on t h e  
interdependency of systems i n  t h i s  type o f  design task.  

i n fo rma t ion  concerning Mars and t h e  var ious probes which gathered t h a t  data. 
Two major sources o f  i n fo rma t ion  were t h e  NASA Advisory Counci l  document: 

These meetings provided an oppor tun i t y  f o r  exchange o f  

A good p o r t i o n  o f  t h e  q u a r t e r  was spent becoming f a m i l i a r  w i t h  cu r ren t  

Planetary Exp lo ra t i on  Through Year 2000: 
V i k i n g  Mission t o  Mars book from which some o f  t h e  f o l l o w i n g  pages have been 
reproduced f o r  reference. 

An Augmented- Program and t h e  

MORE FACTS ON MARS 

V IK ING:  V i k ing  2 t ransmi t ted  data u n t i l  1980, and V ik ing  1 sent data u n t i l  
1982. 

TOPOGRAPHY: Mars ' no r the rn  and southern hemi spheres are r a d i c a l  l y  d i f f e r e n t  , 
I f  one were t o  draw a l i n e  on a 35' tilt from the  equator, i t  
would b i s e c t  t h e  p lane t  where t h e  two d i f f e r e n t  topographies 
meet. The nor thern hemisphere seems t o  have o l d e r  geographic 
fea tu res  than t h e  southern hemisphere. 
southern hemisphere, y e t  t h e  l a r g e  volcanoes, such as Olympus 
Mons which cou ld  f i l l  t h e  hear t  o f  Texas, are found i n  t h i s  
hemisphere. 
resur faced by l ava  f lows from t h e  numerous volcanoes i n  t h i s  
region. There a r e  very few c r a t e r s  i n  t h i s  region. The southern 
hemisphere, on t h e  o the r  hand, i s  h e a v i l y  cratered;  i t  i s  
c ra te red  t o  saturat ion.  There i s  a g i a n t  c r a t e r  up t o  4 km deep 
c a l l e d  Hel las P l a n i t i a  t h a t  could swallow up Alaska w i t h  rooin t o  
spare. The c r a t e r i n g  appears t o  be s i m i l a r  t o  t h a t  on t h e  b r i g h t  
l u n a r  highlands which happened more than 4 b i l l i o n  years  ago, It 
i s  be l i eved  t h a t  both t h e  l u n a r  and mart ian c r a t e r s  were formed 
a t  approximately t h e  same time. 
fea tu res  on Mars are very o l d  because most o f  them were formed 
prev ious t o  t h e  meteor bombardment. The landforms on Mars have 
remained unchanged f o r  b i l l i o n s  o f  years. 

During t h e  winter ,  t h e  p o l a r  i c e  caps expand t o  about t h e  40' 
l a t i t u d e  l i n e .  I n  t h e  summer, they sh r ink  t o  about t h e  80" 
l a t i t u d e  l i n e .  I n  t h e  summer, t h e  no r the rn  i c e  cap seems t o  be 
most ly  water, and t h e  southern cap appears t o  be most ly carbon 
d i  ox i  de . 

It i s  smoother than t h e  

The sur face seems t o  have been h e a v i l y  eroded and 

This means t h a t  t h e  geologic  

POLAR CAPS: 

DUST STORMS: Mars has f i e r c e  dust  storms t h a t  can go as h igh  as 50 km. 

CLOUDS: Mars a l s o  has water- ice clouds as h igh  as 10 t o  25 km. 

ORBIT: Mars has an o f f - cen te r  nea r l y  c i r c u l a r  o r b i t  t h a t  loops a t  one end 
42.4 Mkm f u r t h e r  froin t h e  sun than a t  t he  o the r  end. 
out  t h a t  f a r ,  i t  would i n t e r s e c t  t h e  E a r t h ' s  o r b i t .  
c l o s e s t  t o  Ear th every 15 t o  17 years. 

If Venus swuny 
Mars i s  a t  i t s  
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SAMPLE RETURN/ROVER M I S S I O N  TO MARS 

The bas ic  s c i e n t i f i c  ob jec t i ves  f o r  Mars e x p l o r a t i o n  are:  
( 1 )  t h e  need t o  charac ter ize  t h e  i n t e r n a l  s t ruc tu re ,  dynamics, and 

( 2 )  t h e  need t o  charac ter ize  t h e  chemical composition, minera l  

( 3 )  t h e  need t o  determine t h e  chemical composition, minera l  

( 4 )  t h e  need t o  determine t h e  chemical composition, d i s t r i b u t i o n ,  and 

phys ica l  s t a t e  of t h e  p lanet ;  

composit ion, and phys ica l  charac ter  o f  sur face ma te r ia l s  over t h e  p lanet ;  

composition, and absolute ages of rocks and s o i l  f o r  t h e  p r i n c i p l e  geolog ic  
p r o v i  nces ; 

t r a n s p o r t  of v o l a t i l e  compounds i n  order  t o  understand t h e  format ion and 
chemical e v o l u t i o n  of t h e  atmosphere and t h e  i n t e r a c t i o n  o f  t h e  atmosphere 
w i t h  t h e  sur face  ma te r ia l  ; 

( 5 )  t h e  need t o  determine t h e  q u a n t i t y  of p o l a r  i ce ,  and es t imate  t h e  
q u a n t i t y  o f  permafrost  present on Mars; 

(6) t h e  need t o  determine t h e  processes t h a t  have produced t h e  
landforms on t h e  p lanet ;  

( 7 )  t h e  need t o  charac ter ize  t h e  dynamics of t h e  mar t ian  atmosphere on 
a g loba l  sca le;  

(8) t h e  need t o  charac ter ize  t h e  p lanetary  magnetic f i e l d  and i t s  
i n t e r a c t i  ons w i t h  t h e  upper atmosphere, i ncomi ng s o l a r  r a d i  a t i  on, and t h e  
s o l a r  wind; 

( 9 )  t h e  need t o  determine what organic,  chemical, and b i o l o g i c a l  
e v o l u t i o n  has occurred on Mars and e x p l a i n  how t h e  h i s t o r y  o f  t h e  p lane t  
cons t ra ins  these evo lu t i ona ry  processes. 

NASA has severa l  miss ions planned f o r  t h e  1990's which w i l l  t r y  t o  
accomplish these ob jec t ives .  
w i l l  t r y  t o  determine t h e  g loba l  elemental and minera log ica l  charac ter  o f  t h e  
sur face  ma te r ia l  ; d e f i n e  g l o b a l l y  t h e  topography and g r a v i t a t i o n a l  f i e l d ;  
e s t a b l i s h  t h e  na ture  o f  t h e  magnetic f i e l d ;  determine t h e  t ime and space 
d i s t r i b u t i o n ,  abundance, sources, and s inks  o f  v o l a t i l e  ma te r ia l  and dust  over 
a seasonal cyc le ;  and exp lo re  t h e  s t r u c t u r e  and c i r c u l a t i o n  aspects o f  t h e  
atmosphere. 

Then, t h e r e  i s  t h e  MARS AERONOMY OBSERVER which w i l l  t r y  t o  determine t h e  
d i u r n a l  and seasonal s t r u c t u r e  v a r i a t i o n s  o f  t h e  upper atmosphere and 
i onosphere; determi ne t h e  sol a r  w i  nd i nteract  i on w i t h  t h e  atmophere ; and 
measure t h e  escape r a t e s  o f  atmospheric cons t i t uen ts  and i n f e r  what these 
r a t e s  i n d i c a t e  f o r  t h e  h i s t o r y  and e v o l u t i o n  o f  t h e  mar t ian  atmosphere. 

Also, t h e r e  i s  t h e  MARS NETWORK OBSERVER which w i l l  t r y  t o  determine 
t h e  s e i s m i c i t y  and i nte rna l  s t r u c t u r e  o f  Mars ; measure t h e  1 oca1 atmospheric 
temperature and pressure c o n t i n u a l l y  f o r  a Mars year  a t  several  l oca t i ons  t o  
p rov ide  understanding o f  t h e  general c i r c u l a t i o n  o f  t h e  mar t ian  atmosphere; 
and determine t h e  chemical composi t ion o f  mar t ian  near-surface ma te r ia l .  

And f i n a l l y ,  t h e r e  i s  t h e  SAMPLE RETURN/ROVER mission. 
w i t h  a sample r e t u r n  miss ion  a re  t h e  f o l l o w i n y :  

(1) t h e  sample r e t u r n  miss ion should n o t  i nc lude  a c t i v i t i e s  t h a t  are 
ob jec t i ves  o f  t h e  o the r  miss ions i n  NASA's core  program; 

( 2 )  as many experiments as poss ib le  should be done on Ear th  t o  reduce 
bu lk  as w e l l  as t o  a l l ow  re-exper imentat ion us ing  t h e  same samples; 

( 3 )  each o f  t h e  f o l l o w i n g  key geologic  u n i t s  should be sampled: 
vo l can ic  u n i t s  ; i ntermedi a t e  age vo l  cani c u n i t s  ; anci en t  c ra te red  u n i t s  ; 
layered u n i t s ;  and p o l a r  u n i t s ;  

( 4 )  key ma te r ia l  t o  be sampled on Mars f o r  r e t u r n  t o  Ear th  are:  
iyneaous rocks;  weathered igneaous rocks;  brecc ias;  sedimentary rocks;  

One of these missions i s  t h e  MARS OBSERVER which 

NASA's ob jec t i ves  

youny 

fresh 
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r e g o l i t h ;  wind-blown sand and dust;  and poss ib l y  atmosphere; 
( 5 )  t h e  prime sampling o b j e c t i v e  o f  a f i r s t  miss ion i s  t o  c o l l e c t  both 

f r e s h  and weathered samples o f  t h e  most abundant types of m a t e r i a l s  i n  t h e  
neat v i c i n i t y  o f  t h e  lander ;  

( 6 )  spec ia l  sampling t o o l s  and conta iners are requ i red  i n  order  t o  
sample a wide range o f  mar t ian m a t e r i a l s  t h a t  i nc lude  hard rock, r e g o l i t h ,  
non-cohesive ma te r ia l s ,  and poss ib l y  atmosphere; 

( 7 )  s i g n i f i c a n t  sampling m o b i l i t y ,  s i g n i f i c a n t  sampling t ime, and a 
reasonable re turned sample mass, are requ i red  t o  p roper l y  sample t h e  
m a t e r i a l s  a v a i l a b l e  a t  a s i n g l e  VIKING-like l and ing  s i t e ;  

(8)  t o  be assured o f  being ab le  t o  reach outcrops o f  f r e s h  igneous 
rocks from the  l and ing  s i t e ,  i t  w i l l  be necessary t o  have even more sampling 
m o b i l i t y ,  ranging from one t o  two k i l omete rs  from t h e  l a n d i n g  s i t e  i n  young 
vo l can ic  reg ions t o  t e n  t o  twenty k i lometers from t h e  l and ing  s i t e  i n  ancient 
c ra te red  reg ions ; 

( 9 )  t h e  environment imposed on t h e  samples d u r i n g  r e t u r n  t o  Earth 
should maintain,  as c l o s e l y  as possible,  t h e  cond i t i ons  which t h e  samples 
experienced on Mars; 

(10) t h e  c u r r e n t l y  a v a i l a b l e  V I K I N G  imaging data are s u f f i c i e n t  t o  
i d e n t i f y  s u i t a b l e  candidate l and ing  s i t e s  f o r  sample r e t u r n  missions; 

(11) t h e  c a p a b i l i t y  t o  p rov ide  a small  l and ing  e r r o r  e l l i p s e ,  combined 
w i t h  f a i r l y  extens ive sampler m o b i l i t y  would permi t  sampling o f  several key 
geologic  u n i t s  from a s i n g l e  l and ing  s i t e ;  

(12)  t h e  c a p a b i l i t i e s  developed f o r  a mobi le sampler could a l s o  make i t  
p o s s i b l e  t o  c a r r y  out  some prime s c i e n t i f i c  ob jec t i ves  o f  a surface rover  
m i  s s i  on . 
f u n c t i o n s  t h a t  a f i e l d  geo log i s t  would perform. It should do no th ing  
un re la ted  t o  sample c o l l e c t i o n .  
examine t h e i r  d e t a i l s  c lose ly ,  and t o  est imate t h e i r  weight and densi ty ,  
thereby e v a l u a t i n g  t h e  amount o f  weathering. It should c a r r y  out simple 
chemical t e s t s  l i k e  those made w i t h  a g e o l o g i s t ' s  t r a d i t i o n a l  Geiger counter 
o r  a c i d  b o t t l e .  And, i t  should be able t o  prov ide t h i s  i n fo rma t ion  t o  Ear th 
so t h a t  a dec i s ion  can be made, e i t h e r  t o  c o l l e c t  a given sample o r  t o  d i sca rd  
i t  and move on t o  another. 

The main reason f o r  b r i n g i n g  t h e  samples back t o  Earth f o r  t e s t i n g  i s  
because i t  enables s c i e n t i s t s  t o  perform e x t r a  t e s t s  on a sample based on 
unexpected r e s u l t s .  The V I K I N G  experiments produced many unexpected r e s u l t s  
t h a t  s c i e n t i s t s  were unable t o  f o l l o w  up on because t h e  probes were no t  
prepared t o  perform o t h e r  experiments. S c i e n t i s t s  on Ear th can a l s o  perform 
t h e  experiments w i t h  s ta te -o f - the -a r t  technology. B r ing ing  t h e  samples back 
a1 so a1 1 ows e f  f e c t i  ve separat ion and concentrat ion o f  mineral  phases, based on 
t h e  s p e c i f i c  p r o p e r t i e s  o f  t h e  sample. S c i e n t i s t s  can even de fe r  c e r t a i n  
experiments t o  a l a t e r  date when b e t t e r  a n a l y t i c a l  technology o r  understanding 
i s  ava i l ab le .  

atmosphere as c l o s e  t o  t h e  mart ian one as poss ib le .  The space s t a t i o n  could 
p l a y  an impor tant  r o l e  by making i t  poss ib le  t o  perform p r e l i m i n a r y  analyses 
on t h e  samples w i thou t  r i s k i n g  contaminat ion o f  t he  Earth biosphere. 

r e l a y  s t a t i o n  f o r  t h e  Mart ian Sampler. 
on many missions t o  get as many samples as possible.  

k inds o f  topography as possible.  

The rover  as a p a r t  o f  t h i s  mission should be designed t o  c a r r y  out t he  

The rover  should be able t o  l i f t  samples, t o  

The samples should no t  be s t e r i l i z e d .  They should be contained i n  an 

The space s t a t i o n  could a l s o  be used as a poss ib le  f u e l i n g  s t a t i o n  o r  

The s i t e  se lec ted  f o r  t h e  l and ing  should be as c lose t o  t h e  d i f f e r e n t  

NASA would l i k e  t h e  sampler t o  r e t u r n  

There a r e  f o u r  m a j o r  k inds o f  s i t e s  on Mars :  
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anc ien t  u n i t s  ( h e a v i l y  c ra te red  t e r r a i n ) ,  vo lcan ic  u n i t s ,  p o l a r  un i t s ,  
mod i f i ed  u n i t s  (hummock t e r r a i n  w i t h  chaot ic ,  f r e t t e d ,  and knobby features,  
in te rspersed w i t h  channel deposi ts,  p l a i n s  and grooved te r ra ins . )  
needed f o r  s i t e  s e l e c t i o n  can be obta ined from prev ious  miss ions t o  Mars. 

miss ion  should i nc lude  t h e  fo l l ow ing :  

a re  re tu rned t o  Ear th  i n  a 50-kilogram Ear th r e t u r n  capsule; 

p e r t i n e n t  da ta  f rom prev ious missions; 

The data 

A study by JPL i nd i ca tes  t h a t  t h e  working premises o f  a mar t ian  sampler 

( 1 )  f i v e  k i lograms o f  samples a re  c o l l e c t e d  by a 400-kilogram Rover and 

( 2 )  a p recursor  imaging miss ion i s  no t  necessary due t o  t h e  amount o f  

(3) t h e  1996 launch oppor tun i t y  f o r  Mars i s  used as a base l ine ;  
( 4 )  and several  d i f f e r e n t  miss ion p o s s i b i l i t i e s  should be considered: 

( a )  d i r e c t  e n t r y  t o  Mars vs. o u t - o t - o r b i t  e n t r y  
(b )  d i r e c t  r e t u r n  t o  Ear th  f rom t h e  sur face  o f  Mars vs. r e t u r n  t o  

Ear th  f rom Mars o r b i t  f o l  1 owing a Mars-orbi t a l  k rendezvous 
( c )  i n s e r t i o n  i n t o  Mars o r b i t  w i t h  a p ropu ls i ve  stage, fo l lowed by 

a e r o b a l l i s t i c  e n t r y  i n t o  Mars vs. i n s e r t i o n  i n t o  Mars o r b i t  by aerocapture, 
fo l lowed by aeromaneuver en t ry .  

A miss ion should a l so  consider  t h e  p o s s i b i l i t y  of manufacturing some o f  
t h e  f u e l  needed from t h e  mar t ian  atmosphere i t s e l f .  A b r i e f  study i n d i c a t e s  
t h a t  enough oxygen i s  i n  t h e  atmosphere t o  be t h e  o x i d i z i n g  agent i n  a 
p ropu ls ion  system c o n s i s t i n g  o f  methane and oxygen. Only t h e  methane needs t o  
be c a r r i e d  by t h e  sampler. The launch mass requirements would be reduced by 
about 30% f o r  miss ions i n v o l v i n g  Mars-orb i ta l  rendezvous and about 50% f o r  
miss ions i n v o l v i n g  d i r e c t  r e t u r n  t o  Earth. The technology i s  s t i l l  i n  an 
e a r l y  stage o f  product ion,  b u t  could f e a s i b l y  be used i n  f u t u r e  missions. 

PROWLS IMlAEROBAUlSTlC AE ROC APTU RE IAEROMMUVE R 

Figure 3. hfsR Mission Options-bunch M8ss Requirements (1996). Abbreviations: D E  = direct 
entry into Mars atmosphere from Earth. followed by landing: OE = out-of-orbit cntrt into Slars 
atmosphere. followed b! landing; MOR = Marsorbital rendezvous after ascent from Slam surface: DR = 
direct return to Earth from Mars surface. 
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Mars Sampk Return Mission: Candidate Landing Sites* 

Site 

North Pole A 86.5.N. 120'W 0 (50 x 80) Perennial north polar ice 

North Pole B 84.5.N. 105W 30 (50x80)  Perennial north polar ice; so i l  
f rom perennially ice-free trough 

Arsia Mons West 8 3 .  I32.5.W 4.5 (50 IC 80) Young volcanic rocks 

Apollinaris Patera 5". 1W.W 
Nor th  west 

6 (50x80)  Young volcanic rocks: eolian 
sediments 

Chryse Planitia 22.5.N. 47.9.W 2.5 (50 x 80) Impact-crater ejecta; fluvial 
(VL- I Site) (outflow channel) sediments 

Schiaparelli Basin Southwest 83.336'W 

Tyrrhena Terra 73.243.W 

18 (50 x 80) Oldest martian crustal rocks 
from ancient. heavily cn tercd  
terrain 

5 (5 x 2) Oldest martian crustal rocks 
from ancient, heavily cncered terrain; 

5 (30 x ?) Old volcanic rocks that mantle ancient 
crust 

Iapygia I 15.278.W 5 (same as for Tyrrhena Terra) 

Candor Chasma 6.35.73.8.W 5 (5 x ?) Layered rocks from a canyon 

Hebes Chasma 7 - 5 . 7 r w  5 (5 x ?) Layered rocks from a canyon 

DE/DR OPTION (4) OE/MOR OPTION (kg) 

Orbiter 800 
Propellant 460 
Earth Return Vehicle 2 10 
Propellant (2.2 km/s) 4 I O  
Earth Orbit Capsule I O 0  

Total Orbiting Systems I980 

Earth Orbit Capsule 
Earth Return Vehicle 
Propellant: (23 km/s) 
Ascent Systems 
Ascent Propellant (4.2 kmh) 
Rover 
Lander 

50 Sample Canister 20 
470 
520 
550 Ascent Systems 680 

5980 Ascent Pmpelhnt (4-5 kmls) 1940 
400 Rover 400 

1300 Lander I080 
~ ~~~~ 

Total Landed Systems 9070 Total Landed Systems 4 120 

Entry Systems 
Cruise Support 
Midcourse Propellant 
Adapter and Bioshield 

43 10 
330 

1110 
780 

2400 

580 
420 

--- 

Total Launch Mass 9500 

Centaur G-primr capability (full tanks) 12750 kg 

Figure 4. Preliminary Mass Breakdown of DE/DR Option vs. OElMOR Option. 
For definitions, see Figure 3 and text. 
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MASS(kp! MISSION EVENT 
LAUNCH 

INJECTION 
SEP B iosnEm 

7532 
7355 
7237 :E ORBIT 

AND 
RETURN 
VEHICLE 
SYSTEM 
00061 

I 

1 

SEP AEROSHELL 
SEP MEC ADAPTER 
ORBIT CIRCULARIZED 

I MEC DEORBIT 

ENTRY, 
SURFACE 
AND 
ASCENT 
VEHICLE 
SYSTEM 
(=I 

SEP MEC AEROSHELL 
SEP AEROMNVR SYST 

SEP PARACHUTE SYST 

LANDING 

ROVER DEPLOYED MES 

MLM 

NOTE: 
(DRY MASS) 

a. BY VEHICLE/MOOUCE 

5871 
5780 

4897 

1035 

1887 

1350 

735 

1 MARS ARRIVAL 

AEROCAPTURE 

MRV LIFT-OFF 

UABM JElTISONED 

mRv tu STG JETTIS 

IRV 2nd STG BURNOUT 

IRV DE-DOCKED 

RV SEPARATED 

'El PROP JElTlS 
OC SEPARATED - EOC AT RETRIEVAL 

SCA EXTRACTED 

b. BY MISSION SEQUENCE 

8 



Given t h i s  and o the r  data, est imates of system requirements, s i z ing ,  and 
o the r  parameters were made. Through i n t e r a c t i v e  d iscuss ion  i n  c lass,  ou ts ide  
o f  c lass  meetings and research, i n t e r i m  repor t s  were generated. These 
documents represent summaries of on-going studies,  and, as such, should no t  be 
viewed as concrete, Rather, they should be viewed as basel ines from which t o  
proceed i n t o  t h e  more d e f i n i t i v e  system design s tud ies  o f  Winter Quarter.  

PAYLOAD S I Z I N G  

Ear l y  i n  t h e  s i z i n g  process, c e r t a i n  i n i t i a l  assumptions were made i n  
o rder  t o  p rov ide  t h e  f i r s t  i t e r a t i o n  est imat ions:  

1. This system w i l l  employ a rover  ( o r  rovers )  which w i l l  be deployed 
on t h e  sur face o f  Mars and w i l l  remain on Mars. These veh ic les  
w i l l  perform var ious  t e s t s  on s o i l  and rock samples, employ 
t e l e v i s i o n  cameras and o the r  sensors, and have t h e  a b i l i t y  t o  s to re  
samples f o r  a rendez-vous w i t h  a f u t u r e  sample r e t u r n  mission. 

communications between t h e  rove r (s )  and Earth, as w e l l  as p rov id ing  
remote sensing data. This precludes t h e  p o s s i b i l i t y  o f  d i r e c t  
e n t r y  i n t o  t h e  Mar t ian  atmosphere. 

3. An expendable lauch veh ic le  system, such as t h e  T i t a n  I V  - Centaur, 
w i l l  be used f o r  t h i s  mission. 

2. The miss ion w i l l  i nc lude  an o r b i t e r  which w i l l  augment 

The f o l l o w i n g  c a l c u l a t i o n s  employed r a t i o s  based upon t h e  V ik ing  miss ions 
f o r  s i z i n g  t h e  mass de l i ve red  i n t o  Mars o r b i t :  

Assumptions: 

1. Present-day T i t a n  IV-Centaur launch c a p a b i l i t i e s ,  i n  terms o f  
mass d e l i v e r e d  i n t o  a V ik ing- typ ica l  o r b i t  (930 x 20,500 m i l e s )  , i s  
double t h a t  o f  t h e  system which p rope l l ed  Viking. 

System masses vary l i n e a r l y ;  t h a t  i s ,  p ropor t i ona l  s c a l i n g  may be 
employed, based on Viking, i n  order  t o  es t imate  t h e  payload 
component masses f o r  t h i s  f i r s t  study. 

2. 

3. The o r b i t e r  w i l l  have a mass 20% l a r g e r  than t h a t  o f  t h e  V ik ing  
o r b i t e r .  

I n  support  o f  Assumption #l: The T i t a n  IV-Centaur can d e l i v e r  10,000 
lbm i n t o  GEO, as compared t o  4,500 lbm f o r  t h e  system used f o r  Vik ing.  

V i k ing  cha rac te r i  s t i  cs : 

M Mass d e l i v e r e d  i n t o  Mars o r b i t  : 7,658 lbm (3,481 kg) 
MLo Lander mass, p r i o r  t o  descent : 2,633 lbm (1,197 kg) 
ML1 Landed mass : 1,320 lbrn (600 ky)  
MD Descent system mass : 1,313 lbm (597 kg) 
Mo O r b i t e r  mass ( i n c l u d i n g  f u e l )  : 5,125 lbm (2,330 kg) 
Mop O r b i t e r  Propel l e n t  mass : 3,137 lbm (1,426 kg) 

O r b i t e r  Fuel Frac t ion :  Of = hp /Mo = 0.612 
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Lander "Fuel" F rac t ion :  Lf = MD/MLO = 0.4987 

- Note: This " f u e l :  mass inc ludes  t h e  mass o f  a l l  descent system 
components; i .e., aeroshel l  , d i r e c t i o n a l  engines, parachute 
assembly, and te rmina l  descent engi nes. 

Mission S iz ing :  

assumed t o  be 175% t h a t  o f  V ik ing  ( r e c a l l  assumed launch/de l i very  
capabi 1 i t i e s  as double) : 

I n  o rder  t o  p rov ide  a mass margin, t h e  de l i ve red  Mars o r b i t i n g  mass i s  

M = 1.75(3,481 kg) = 

O r b i t e r  mass, Mo, i nvok ing  Assumption #3, i s  120% o f  t h e  V ik ing  o r b i t e r  
mass: 

Mo = 1.2(2,330 kg) = 2.796 k q  

Therefore, t h e  Lander mass p r i o r  t o  descent, MLo, i s :  

The descent mass, MD, i s  g iven by: 

The remainder i s  t h e  Landed mass: 

M L ~  = M L ~  - MD = 1.652 k q  

Using t h e  o r b i t e r  f u e l  f ac t i on ,  t h e  O r b i t e r  C h a r a c t e r i s t i c s  are:  

O r b i t e r  Fuel Mass = OfMo 

O r b i t e r  Dry Mass = Mo( l -o f )  
= 1.085 k q  

Mop = 1.711 ka 

Summary and Discussion: 

To ta l  mass de l i ve red  i n t o  Mars o r b i t :  6,092 kg 

O r b i t e r :  Tota l  Mass: 2,796 kg 
Fuel Mass: 1.711 ks 
Dry Mass: 1J085 kg 
Fuel t o  Mass Rat io :  0.612 

Lander: To ta l  Mass on O r b i t :  3,296 kg 
Landed Mass: 1,652 kg 
Descent System Mass: 1,644 k g  
"Fuel"  t o  Mass Rat io :  0.4988 
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Comments : 

1. The t o t a l  mass d e l i v e r e d  t o  Mars o r b i t  i s  f e l t  t o  be reasonably 
conservat ive i n  l i g h t  o f  t he  use o f  88% o f  t he  assumed l a u n c h l d e l i v e r y  
capabi 1 i t  i e s  . 
make these est imates more r e a l i s t i c .  

Speci f i c f i g u r e s  concerni ng present -day ELV capabi 1 i t i  es w i  11 

2. The o r b i t e r  mass increase o f  20% over t h a t  o f  the V ik ing  o r b i t e r ,  
a long w i t h  advances i n  m i n i a t u r i z a t i o n  o f  e lec t ron i cs ,  should a l l o w  not  on ly  
s u f f i c i e n t  support s e r v i  ces f o r  t h e  1 ander( s )  , b u t  expanded remote sensi ng 
capabi 1 i t  i e s  as we1 1 . 

3. The landed mass o f  1,652 kg represents an increase o f  175% over t h a t  
This f i g u r e  provides f o r  t h e  mass which i s  l i k e l y  t o  o f  t h e  V ik ing  missions. 

be requ i red  f o r  g lobal  m o b i l i t y  and/or a m u l t i p l e  lander / rover  system. 

4. The above c a l c u l a t i o n s  depend l a r g e l y  upon t h e  l i n e a r i t y  o f  
Assumption #2. 
masses do no t  vary i n  a l i n e a r  fachion. 
f u r t h e r  d u r i n g  t h e  remaining design procedures. 

It may evolve, e s p e c i a l l y  i n  t h e  descent system, t h a t  t he  
This i s  a p o i n t  t o  be i n v e s t i g a t e d  

A more thorough ana lys i s  was performed next, again based upon mass 
f i g u r e s  from Viking. 
employing 1.75 t imes t h e  mass o f  V ik ing i n  Mars o r b i t  o r  6,158.2 kg, var ious 
systems and components were s i zed  as descr ibed below. 
mass i s  2,776 kg, l e a v i n g  3,382.25 kg f o r  t h e  lander / rover .  

The v e h i c l e  d r y  mass (w i thou t  f u e l  and/or descent system) was est imated 
us ing  V ik ing - t yp i ca l  equipement w i t h  cons ide ra t i on  f o r  technologica l  advances. 
The s c i e n t i f i c  payload inc ludes experiments c a r r i e d  on V ik ing  and provides f o r  
( a t  l e a s t )  50 kg a d d i t i o n a l  s c i e n t i f i c  mass. 

p rope l l an t .  The payload mass i s  then t h e  dry  mass l e s s  t h e  mass f o r  a l l  
non-science components. 
non-science equipment s i m i l a r  t o  t h a t  o f  V ik ing as a minimum s c i e n t i f i c  
payload mass. 
d i s t r i b u t i o n  f o r  t h e  lander / rover  and o r b i t e r ,  respec t i ve l y .  The contingency 
mass i n  Table #3 represents payload mass beyond t h e  minimum s c i e n t i f i c  mass 
def ined i n  Table #2. This cou ld  be used f o r  y r e a t e r  payload c a p a b i l i t i e s ,  
m u l t i p l e  rove r  systems, o r  a combination o f  these. 

Assuming launch c a p a b i l i t i e s  as descr ibed above, and 

The assumed o r b i t e r  

The d ry  mass o f  t h e  v e h i c l e  i s  s imply the  a l lowable t o t a l  mass minus t h e  

Table #l summarizes t h e  est imated masses f o r  t h e  

The l a s t  two t a b l e s  p rov ide  a break-down o f  est imated mass 
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SUBSYSTEM AND ELEMENT 

STRUCTURE (Lander+Rover) 
Body (Lander+Rover=175+40) 

Mechanisms 
Arm 
Harness (15 - 4,wire bundles) 

Legs 

PROPULSION 
Propellant Tank 
Landing Engines 

POWER 
Batteries 
Radioisotope Thermoelectric Generators (2 
Control Electronics (2 cards) 

THERMAL 
Bioshield cap + base 
Aeroshell 
Heat Shield 
Heaters 
Insulation 
Control Electronics (2 cards) 

CONTROLS 
Attitude Sensors 
Control Electronics (2 cards) 

TELEMETRY AND COMMAND 
Parachute 
Data Aquisition & Processing 
Tape Recorder 
Inertial Reference Unit 
Radar Altimeter 
Terminal Descent & Landing Radar 
Computer 
Other Electronics 

I TOTAL VEHICLE DRY MASS 

~ 

ZSTIMATEI 
MASS 
(W) 

215.0 
25.0 
2.0 
3.0 
5.0 

10.0 
50.0 

40.0 
27.2 
0.5 

5.0 
5.0 
5.0 
0.2 
0.5 
0.5 

2.0 
0.5 

70.0 
8 . 0  
5.0 
14.5 
5.2 
3.0 
5.0 
2.0 

SUBSYSTEI 
MASS 
(Kg) 

250.0 

6 0 . 0  

67.7 

16.2 

2.5 

112.7 

509.1 

TABLE : 1 
ESTIMATED DRY MASSES FOR NON-SCIENCE PAYLOAD EQUIPMENT 
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1 SCIENCE PAYIDAD EQUIPMENT 

UPPER ATMOSPHERIC MASS SPECTROMETER 

IDWER ATMOSPHERE STRUCTURE EXPERIMENT 
(essential for guidance control) 

CAMERAS ( 2 )  

METEOROUXY INVESTIGATION 
(seismometer) 

MOLECULAR ANALYSIS INVESTIGATION 
(fuel manufacturing experiment) 

SAMPLE CAPSULE 

OTHER EXPERIMENT ANTICIPATED 

TOTAL = I 

ESTIMATED 
MASS 
(Ks) 

6 - 1 2  

1.25 

14.52 

2.22 

18.78 

5.00 

50.00 

.02 77 

TABLE : 2 
ESTIMATED DRY MASS FOR SCIENCE PAYIDAD EQUIPMENT 
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MASS BREAKDOWN ( Lander ) 

TOTAL LAUNCH MASS 
(i.e.,Lander+Rover)OE/MOR option 

PROPELLANT MASS 
(for Lander+Rover) 

ALLOWABLE DRY MASS 
Vehicle Dry Mass 

(i.e., structure+subsystems) 

ALLOWABLE PAYLOAD MASS 
Science Payload Mass 

CONTWENCY MASS 

TABLE : 3 

MASS BREAKDOWN ( Orbiter ) 

ORBITER 

PROPELLANT 

TOTAL = 

ESTIMATED 
MASS 
(Ks) 

ESTIMATED 
MASS 
(Xq) 

1088.1 

1701.9 

2790.0 

3382.25 

1758.77 

1623.48 

509.10 

1114.38 
102.77 

t1011.61 

MARS LANDER L ROVER MASS ALLOCATION 

TABLE : 4 
MARS ORBITER MASS ALLOCATION 
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Launch Vehicle: 

A Titan-Centaur combination was considered as a p o t e n t i a l  launch v e h i c l e  
f o r  t h i s  p r o j e c t .  
augmented by e i t h e r  t h e  Centaur G-Prime o r  t h e  I n e r t i a l  Upper Stage (IUS). 
The Centaur G-Prime program was d iscont inued i n  June 1986, l e a v i n g  t h e  IUS as 
t h e  only  opt ion,  a t  present, f o r  use w i t h  t h e  shu t t l e .  The I U S  has been 
approved f o r  use on the  s h u t t l e  and i s  operat ional .  It i s  capable o f  
d e l i v e r i n g  2,300 kg i n t o  GEO. 
p o t e n t i a l  f o r  use i n  t h i s  app l i ca t i on .  The mass l i m i t a t i o n ,  however, may be 
t o o  low f o r  t h i s  mission. 

launch system i s  t h e  T i t a n  IV-Centaur. 
launch schedule and present mass l i m i t a t i o n s  w i t h  t h e  IUS,  t h i s  ELV system 
appears t o  be best  s u i t e d  t o  d e l i v e r i n g  t h e  t a r g e t  mass i n t o  Mars o r b i t .  

Also i n v e s t i g a t e d  was t h e  use of t h e  space s h u t t l e ,  

The guidance system, a s t a r  scanner, has 

Based upon t h i s  in format ion,  i t  was decided t h a t  t h e  best candidate 
Due t o  t h e  u n c e r t a i n t y  o f  t h e  s h u t t l e  

SOFT LANDING 

The miss ion of t h e  S o f t  Lander Team was t o  examine op t i ons  f o r  s a f e l y  
' l and ing  a rove r  v e h i c l e  on t h e  Mart ian surface. Depending upon t h e  t ype  o f  

rover,  t h e  l a n d i n g  system may have t o  be capable o f  m u l t i p l e  landings i n  
va r ied  t e r r a i n .  
t h a t  d i d  not  r e q u i r e  a l a r g e  f r a c t i o n  o f  t h e  t o t a l  l ander / rove r  mass o r  a l o t  
o f  power was attempted. Other impor tant  cons iderat ions were t h e  r e s t r i c t i o n s  
a p a r t i c u l a r  l and ing  system placed on t h e  long-range r o v i n g  system, such as 
t h e  a l t i t u d e  requ i red  by a parachute i n  order  t o  f u n c t i o n  e f f e c t i v e l y .  

While des ign ing f o r  m u l t i p l e  landings, i t  was r e a l i z e d  t h a t  t h e  i n i t i a l  
descent from o r b i t  would be t h e  most c r i t i c a l .  
experience w i t h  numerous 1 anders, most notably  t h e  V i  k i n g  and Mars vehi c l  es, 
an aerobrake/parachute/rocket motor descent system i s  recommended f o r  t h e  
i n i t i a l  landing. However, a parachute system i s  no t  p r a c t i c a l  f o r  subsequent 
landings s ince s torage o f  a separate parachute f o r  each l a n d i n g  i s  
mass-prohib i t ive.  Further, a parachute, i n  t h e  atmosphere o f  Mars, requ i res  
a t  l e a s t  8 k i l omete rs  o f  a l t i t u d e  t o  decelerate a 1,000 ky lander.  
r e q u i r e  a very powerful sur face launching mechanism. 

opt ions were considered: 
( I t  should be noted t h a t  these systems were examined from a l and ing  
f e a s i b i l i t y  standpoint ,  l e a v i n g  o the r  considerat ions t o  t h e  Rover Team.) 
r e s u l t i n g  eva lua t i ons  a re  as fo l l ows :  

Therefore, t h e  development o f  a reusable system 

Based upon actual  f l i g h t  

This would 

To move t h e  r o v e r  f r o m  p lace t o  p lace on Mars (on a g lobal  sca le ) ,  t h r e e  

The 

a "hopper", an a i r p l a n e / h e l i c o p t e r ,  and a bal loon. 

A "hopper" v e h i c l e  would s t o r e  p o t e n t i a l  energy upon land ing  by 

It would a l s o  be extremely 

compressing a s p r i n g  o r  gas, subsequently us ing  t h a t  energy t o  "hop1' from 
one p o i n t  t o  t h e  next. 
no t  meet t h e  range needs o f  t h e  mission. 
d i f f i c u l t  t o  i n s u r e  t h e  i n t e g r i t y  o f  a heavy lander / rover  (over  1,000 kg) 
a f t e r  numerous hops. 
rover,  from a l and ing  standpoint .  

range than a hopper, a long w i t h  good c o n t r o l  c h a r a c t e r i s t i c s .  
feared, however, t h a t  an aerocru i  se system would be very complex, 
r e q u i r i n g  l a r g e  amounts o f  mass and power. 
q u i t e  s e n s i t i v e  t o  roughness o f  t h e  t e r r a i n  which could l i m i t  s i t e  
s e l e c t i o n  t o  r e l a t i v e l y  smooth, p o t e n t i a l l y  u n i n t e r e s t i n g  t e r r a i n .  
system was r e j e c t e d  f o r  these reasons. 
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The range o f  a hopper would be l i m i t e d  and may 

A hopper was t h e r e f o r e  deemed unsu i tab le  f o r  t he  

An a i  r p l  ane/hel i c o p t e r  "aerocru i  se" system could p rov ide  much greater  

Aerocruise systems are a l s o  

It i s  

This 



The ba l l oon  o p t i o n  o f f e r s  good range and l i f t - o f f / l a n d i n g  c a p a b i l i t i e s  
a t  t h e  expense of c o n t r o l l a b i l i t y .  
r e l a t i v e l y  smal 1 ; one poss ib le  opera t ing  scheme uses s o l a r  energy t o  heat 
t h e  ba l l oon  gas, r e q u i r i n g  no power from t h e  lander / rover .  S t a b i l i t y  i n  
windstorms and some degree o f  c o n t r o l l a b i l i t y  may be gained through t h e  
use of a zeppel i n - t ype  ba l l oon  shape. 

The mass and power needs are  

I n  summary, t h e  recommendations o f  t h e  Soft  Lander Team are:  

1. 

2. 

Use o f  an aerobrake/parachute/rocket motor system f o r  i n t i t i a l  
e n t r y  f rom o r b i t .  Based on t h e  s i z e  o f  t h e  V ik ing  parachute, a 
s u i t a b l e  parachute f o r  a 1,000 kg lander  would be approximately 
23 meters i n  diameter. 

For subsequent lander / rover  maneuvers use a ba l loon- type system, 
employing e i t h e r  C02, hel ium, o r  a Combination of t h e  two. 

Fur ther  ana lys i s  i s  needed on a l l  aspects of  t h e  ba l l oon  system, 
i n c l u d i n g  optimum con f igu ra t i on ,  a i r s h i p  f e a s i b i l i t y ,  deployment schemes, and 
s e l e c t i o n  o f  b a l l o o n  ma te r ia l  and working f l u i d .  
i n c l  ude: parachute system s i  z i  ng, parachute mater i  a1 se lec t ion ,  aerobrake 
performance, and te rm ina l  descent rocke t  performance analys is .  

The long-range m o b i l i t y  system descr ibed i n  #2 above assumes 
l o c a l  m o b i l i t y  t o  be prov ided by a wheeled o r  s i m i l a r  vehic le .  

Other areas o f  i n v e s t i g a t i o n  

- Note: 

ENVIKONMENT 

Po ten t ia l  Landing S i tes  

I n  accordance w i t h  t h e  recommendations s e t  f o r t h  by t h e  NASA Advisory 
Counci 1 i n  t h e i  r repo r t ,  P lanetary  Exp lo ra t ion  Through Year 2000: An 
Augmented Program, t h e  Envi ronment/Trajectory Team endeavored t o  se l  e c t  
p o t e n t i a l  l and ing  s i t e s  which cou ld  p rov ide  a wide base o f  data f o r  
c h a r a c t e r i z a t i o n  o f  t h  Mar t ian  sur face and lower  atmosphere. 
suggestions a re  t h e r e f o r e  made: 

The f o l l o w i n g  

1. 

2. 

3. 

4. 

A probe p laced a t  each o f  t h e  Mar t ian  poles, a l l ow ing  s tud ies  of t h e  
composi t ion and seasonal v a r i a t i o n s  o f  t h e  p o l a r  i c e  caps and l o c a l  
s o i  1 cond i t ions .  

A l ander  t o  study t h e  anc ien t  l a v a  f lows and rock format ions o f  
Olympus Mons. 
s i t es .  Being t h e  l a r g e s t  vo lacanic  mountain on t h e  p lanet ,  i t  i s  
f e l t  t h a t  Olympus Mons prov ides t h e  best  p o t e n t i a l  o f  a benign 
l and ing  s i t e  among t h e  vo lcan ic  areas. 

Seismic data may be o f  i n t e r e s t  a t  t h i s  and o the r  

Landing a veh ic le  i n  V a l l i s  Mar iner is ,  which i s  l oca ted  near t h e  
equa to r ia l  plane, would a l l ow  examination o f  a cross-sect ion of the 
Mar t ian  c rus t ,  as w e l l  as determinat ion o f  t h e  fo rmat ive  processes. 

I n v e s t i g a t i n g  t h e  Argyre P l a n i t i a  would a l l ow  t h e  c o l l e c t i o n  of data 
about 1 arge c ra te red  regions. 
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Regions s i m i l a r  t o  those where t h e  V ik ing  landers a re  were n o t  considered 
i n  l i g h t  of t h e  da ta  a l ready co l lec ted ,  and t h e  d e s i r e  t o  develop a broad 
cha rac te r i za t i on  o f  t h e  p lanet .  

ROVER DEVELOPMENT 

In t roduc t i on  

The Rover group o f  t h e  MLR design c lass  was composed o f  8 members. 
i t  was determined t h a t  t h e r e  was no s i n g l e  t ime du r ing  t h e  week a t  which a l l  
group members cou ld  meet, t h e  group was d i v ided  i n t o  3 sub-groups which were 
g iven spec ia l  tasks  f rom week t o  week. For example, one group was asked t o  
eva lua te  t h e  design m a t r i x  f o r  a c e r t a i n  rover  concept w h i l e  another was asked 
t o  do t h e  same f o r  a d i f f e r e n t  concept. 
would then meet together  w i t h  t h e  group leader  each week t o  present  t h e  
resu l t s .  
concepts f o r  t h e  rover  was completed. 

A f t e r  

Representatives o f  each sub-group 

I n  t h i s  manner, t h e  fo rmula t ion  o f  t h e  most favorab le  design 

Ob jec t ive  

The purpose o f  t h e  Rover group was t h r e e f o l d :  (1) t o  generate a dec is ion  
m a t r i x  by which concepts cou ld  be evaluated, ( 2 )  t o  develop p re l im ina ry  
concepts f o r  t h e  rove r  design, and ( 3 )  t o  narrow down t h e  candidate concepts 
t o  a workable number i n  p repara t ion  f o r  t h e  e f f o r t s  o f  t h e  next  quar ter .  

Met hod 

The procedure centered around b u i l d i n g  and eva lua t i ng  a dec i s ion  m a t r i x  
which was made up o f  system a t t r i b u t e s  and candidate concepts. 
sec t ions  descr ibe how t h e  m a t r i x  was const ructed and evaluated. 

The next 

I dent i f i c a t  i on o f  System A t  t r i b u t  es : 

A search o f  some o f  t h e  l a t e s t  l i t e r a t u r e  on t h e  sub jec t  o f  a Mars rover  
revealed many o f  t h e  bas ic  des i red  a t t r i b u t e s  o f  a rover.  The main source o f  
i n fo rma t ion  i s  l i s t e d  as Reference 1. These a t t r i b u t e s  were mod i f i ed  somewhat 
by t h e  scope o f  t h i s  MLR design course as de f ined i n  t h e  o r i g i n a l  proposal ,  
namely, (1) t h e  MLR would represent a compromise between an o r b i t e r  and a 
sample r e t u r n  miss ion  due t o  cost ,  meaning i t  would roam t h e  Mart ian sur face  
and c o l l e c t  and analyze samples, bu t  not  r e t u r n  them t o  Earth, and ( 2 )  t h e  
survey l o c a t i o n s  would be w ide ly  separated and n o t  conf ined t o  t h e  immediate 
l and ing  area. With these th ings  i n  mind, t h e  system a t t r i b u t e s  were de f ined 
as fo l lows:  

1. Planetary  m o b i l i t y :  a b i l i t y  t o  c o l l e c t  samples from widespread 
l o c a t i o n s  on Mars. 

2. Local m o b i l i t y :  a b i l i t y  t o  c o l l e c t  samples w i t h i n  a l a r g e  rad ius  
around a c e n t r a l  po in t .  

3.  High payload mass f r a c t i o n :  a h i g h  percentage of  t h e  t o t a l  rover  
mass which i s  a v a i l a b l e  f o r  sampling and ana lys i s  equipment. 
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4. Environmental hardness: abi 1 i t y  t o  wi thstand temperature extremes, 
wind, dust, cosmic p a r t i c l e s ,  rad ia t i on ,  etc.  

5. S i m p l i c i t y  of guidance: 

6. Ter ra in  handl ing:  a b i l i t y  t o  nego t ia te  obstac les such as rocks, 

a b i l i t y  t o  know and ma in ta in  p o s i t i o n  and 
course u s i  ng simp1 e instruments . 
di tches,  mountains, e tc ,  wi thout  breakdown. 

7. R e l i a b i l i t y :  p r o b a b i l i t y  o f  complet ing mission t o  c o l l e c t  and 
analyze samples. 

8. Cost ( se l f -exp lana to ry  ) 

9. Future miss ion i n t e r f a c e :  
f u t u r e  v e h i c l e  which w i l l  r e t u r n  t o  a manned laboratory .  

a b i l i t y  t o  t r a n s f e r  s to red  samples t o  a 

10. Mission l i f e :  a b i l i t y  t o  remain operat ional  f o r  t h e  necessary l eng th  
o f  t ime, i.e., u n t i l  t h e  p lane t  has been sampled s u f f i c i e n t l y  and 
samples have been t rans fe r red  t o  fu tu re  r e t u r n  vehic le.  

11. Autonomy: a b i l i t y  t o  a c t  and make dec is ions w i thou t  human 
i n t e r v e n t i o n .  

12. Communications: a b i l i t y  t o  send and rece ive  te lemetered data. 

Several assumptions were made f o r  base1 i ne a t t r i b u t e s  where app l i cab le  t o  
a i d  i n  comparing t h e  concepts. These assumptions a re  as fo l l ows :  

1. The base l i ne  MLR w i l l  be ab le t o  v i s i t  4 gener ic s i t e s :  a p o l a r  cap, 
a young vo l can ic  reyion, an anc ient  c r a t e r e d  region, and a canyon 
[l]. A broad c h a r a c t e r i z a t i o n  o f  Mars could occur i f  surveys were 
performed and samples were analyzed from t h i s  minimum o f  4 d i ve rse  
s i t es .  

2. The base l i ne  MLR w i l l  have a m o b i l i t y  ( t o t a l  t r a v e r s e  l e n g t h )  o f  
10 km i n  t h e  anc ient  c ra te red  reg ion  and 1 km i n  t h e  o the r  regions 
mentioned above. 
o f  an area cou ld  on ly  occur i f  several  samples were taken over an 
area, depending on t h e  t ype  o f  geology. 

It was po in ted  ou t  i n  [l] t h a t  a c h a r a c t e r i z a t i o n  

3. The base l i ne  MLR w i l l  have a minimum miss ion l i f e  o f  one year, so 
t h a t  i t  can i n t e r f a c e  w i t h  f u t u r e  sample r e t u r n  missions. 

Formul a t i  on o f  ConceDts : 

The va r ious  concepts which were brainstormed f o r  t h e  MLR were categor ized 
i n t o  one o f  t h e  f o l l o w i n g  general areas: 

1. Sing le  sur face rover :  
a l l - t e r r a i n  v e h i c l e  t y p e  p l a t f o r m  w i t h  t r a c k s  o r  wheels and thus 
r e s t r i c t e d  t o  sur face motion only.  

This i s  envis ioned as being a tank-type o r  
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2. 

3 .  

4. 

5. 

M u l t i p l e  sur face rovers:  
vers ions o f  a s i n g l e  sur face rover,  each o f  which would leave t h e  
i n i t i a l  o r b i t  around Mars and land  i n  one o f  t h e  4 des i red s i t e s ,  
and, therefore,  would no t  need the  a b i l i t y  t o  t rave rse  t h e  p lane t  t o  
get  from one s c i e n t i f i c  s i t e  t o  t h e  next. 

These would be a minimum o f  4 scaled-down 

Bal loon rover :  This i s  envis ioned as a h y b r i d  between a surface 
rove r  f o r  l o c a l  m o b i l i t y  and a l i f t i n g  body f i l l e d  w i t h  hel ium o r  
o the r  l i gh te r - than -Mar t i an -a i r  medium f o r  long-range m o b i l i t y .  
was a l s o  assumed t h a t  t h e  ba l l oon  could be e i t h e r  detached from t h e  
rove r  and/or d e f l a t e d  when necessary, as i n  t h e  case o f  severe wind 
and dust  storms. 

It 

Aerorover: 
f i x e d  o r  movable wing w i t h  s u f f i c i e n t  p ropu ls ion  t o  generate l i f t  i n  
t h e  t h i n  Mar t ian atmosphere. It was a l s o  assumed t h a t  s ta te -o f - the -  
a r t  technology would enable i t  t o  land and take o f f  v e r t i c a l l y  i f  
necessary t o  avoid t h e  i r r e g u l a r i t i e s  o f  t h e  surface. 

This would a l s o  be a h y b r i d  o f  a sur face rove r  and a 

M i s s i l e  rover :  
m o b i l i t y  w i t h  a p ropu ls ion  system t o  prov ide long-range 
b a l l i s t i c  hops t o  t h e  minimum o f  4 survey s i t es .  

This concept combined a sur face rover  f o r  l o c a l  

It should be noted t h a t  each concept d i f f e r s  b a s i c a l l y  i n  t h e  method 
o f  long-range t r a v e l  between s c i e n t i f i c  s i t e s ,  s ince i t  was assumed i n  the  
beginning t h a t  l o c a l  m o b i l i t y  was needed t o  sample and cha rac te r i ze  t h e  area. 

A few rough c a l c u l a t i o n s  i n  c e r t a i n  areas were made t o  prove o r  d isprove 
t h e  v i a b i l i t y  of each concept before a c t u a l l y  r a t i n g  each concept i n  t h e  
dec i s ion  ma t r i x .  A b a l l o o n  t o  l i f t  t h e  rover  was rough-sized us ing  data on 
t h e  d e n s i t y  of t h e  Mart ian atmosphere, and a p ropu ls ion  system f o r  t h e  m i s s i l e  
rove r  was rough-sized. These c a l c u l a t i o n s  appear i n  t h e  Appendix. The 
m i s s i l e  rove r  was q u i c k l y  e l im ina ted  due t o  t h e  massive p ropu ls ion  
requirements. 
indeed a v i a b l e  concept. 

Generat i on o f  M a t r i x  : 

The c a l c u l a t i o n s  f o r  t h e  ba l l oon  rove r  showed t h a t  i t  was 

The m a t r i x  was then const ructed and weight ing f a c t o r s  were given t o  each 
system a t t r i b u t e  based on what t h e  group f e l t  was t h e  r e l a t i v e  importance o f  
t h a t  a t t r i b u t e .  
m o b i l i t y ,  autonomy, and communication a b i l i t y ,  as these were most l i k e l y  t o  
i n s u r e  a successful miss ion t o  c o l l e c t  and analyze samples and thus 
cha rac te r i ze  an area of Mars. 
cost ,  t h e  miss ion l i f e ,  and t h e  p lane ta ry  m o b i l i t y .  
weighted l i g h t l y  f o r  t h e  same reason: t h a t  a mission o f  some success could 
s t i l l  be completed w i t h  a s h o r t e r  miss ion l i f e  and l i m i t e d  long-range 
m o b i l i t y .  
by e l  i m i  n a t i  ny an essen t ia l  t echn ica l  concept. 

The most important a t t r i b u t e s  were considered t o  be t h e  l o c a l  

The l e a s t  important were considered t o  be the  
The l a t t e r  two were 

The cos t  was r a t e d  low so as not  t o  jeopard ize t h e  e n t i r e  mission 

Evaluat ion o f  Concepts: 

A t  f i r s t ,  each group was assigned one o r  two o f  t h e  concepts and asked 
t o  meet and r a t e  those concepts us ing a raw score o f  1 t o  10 f o r  each system 
a t t r i b u t e .  
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r a t e  each concept i n d i v i d u a l l y - a n d  then meet as-an e n t i r e  group t o  discuss t h e  
r e s u l t s .  This was done, and, i n  t h e  group meeting, each member repo r ted  t h e i r  
raw score f o r  each system a t t r i b u t e  o f  a concept. 
discussed and resolved, a f t e r  which a f i n a l  number f o r  t h a t  e n t r y  i n  the  
m a t r i x  was agreed upon. 

Major discrepancies were 

Resul t s : 

The f i n a l  m a t r i x  i s  as shown on t h e  next page. A by-product o f  t he  
eva lua t i on  was an a d d i t i o n a l  assumption found necessary so t h a t  a l l  r a t i n g s  
were based on t h e  same ground ru les.  This assumption was t h a t  each concept 
has a sur face rover  w i t h  t h e  same basic  c a p a b i l i t i e s  f o r  l o c a l  maneuveriny: 
guidance, t e r r a i n  handling, autonomy, etc.  
i n  t h e  m a t r i x  p e r t a i n  on ly  t o  a comparison o f  l o n  -ran e r o v i n g  c a p a b i l i t y ,  

Therefore, t h e  system a t t r i b u t e s  

s ince t h a t  i s  how one concept d i f f e r s  from anot + er. 

Discussion o f  Resul ts : 

The s i n g l e  sur face rove r  scored low i n  p lane ta ry  m o b i l i t y ,  s i m p l i c i t y  o f  
' guidance, and t e r r a i n  handl ing f o r  t h e  reason t h a t  i t  would have great  

d i f f i c u l t y  i n  t r a v e r s i n g  l o n g  d is tances and avo id ing  obstac les such as 
d i tches,  l a r g e  boulders, canyons, etc. However, i t  had t h e  h ighest  o v e r a l l  
score. 

Payload 
mass f r a c t i o n  was low because a minimum o f  4 d u p l i c a t e  d r i v e t r a i n s  would be 
needed, n o t  t o  mention t h e  4 s o f t  l and ing  systems, which make t h e  e n t i r e  
system very heavy. 
i n  f u t u r e  miss ion i n t e r f a c e  and communications were because o f  t h e  widely  
sca t te red  l o c a t i o n s  o f  t h e  4 i n d i v i d u a l  rovers. 
score. 

t h e  s u s c e p t i b i l i t y  o f  t h e  f r a g i l e  ba l l oon  t o  damage by wind, dust,  and cosmic 
p a r t i c l e s .  

be low due t o  t h e  massive p ropu ls ion  and l i f t i n g  sur face requirements f o r  t h e  
t h i n  Mar t ian atmosphere. The o the r  4 areas, s i m p l i c i t y  o f  guidance, 
r e l i a b i l i t y ,  cost ,  and autonomy, received low scores f o r  t h e  reason t h a t  t h e  
systems requ i red  t o  make such a c r a f t  o f  s u f f i c i e n t  autonomy t o  make long 
t rave rses  through t h e  a i r  and land  s a f e l y  would be very complex. 
a t o t a l  score which was c l e a r l y  out  o f  t h e  range o f  t h e  o the r  concepts, and i t  
was decided t o  e l i m i n a t e  t h i s  concept. 

The m u l t i p l e  sur face rovers a l s o  scored low i n  several  areas. 

It scored low i n  cost  f o r  t h e  same reason. The lovr score 

It had t h e  second h ighest  

The b a l l  oon scored 1 ow i n  envi  ronmental hardness and re1 i abi  1 i t y  due t o  

It received t h e  3rd h ighest  score. 
The aerorover had low scores i n  5 areas. The payload mass f r a c t i o n  would 

It received 

General Comments and Recommendat i ons : 

scored low, t h e  ba l l oon  rove r  scored w e l l .  
v i a b l e  concept would be t o  combine t h e  two, which i n  essence i s  t h e  bal loon 
rove r  concept, as i t  was i n i t i a l l y  assumed t h a t  i t  was a h y b r m  of  a surface 
rove r  and a buoyant body. A f t e r  t h e  d e c i s i o n  m a t r i x  had been f i l l e d  out, 
l i t e r a t u r e  was researched and found t o  be i n  favo r  o f  t h e  ba l l oon  concept, 
both as a means o f  t r a v e r s i n g  t h e  p lane t  as w e l l  as a s o f t  l and ing  system 
component. 
p lanning stages o f  a ba l l oon  rove r  f o r  Mars. 

It i s  i n t e r e s t i n g  t o  no te  t h a t  t h e  categor ies i n  which t h e  sur face rover  
This suggests t h a t  perhaps a more 

This i s  supported by t h e  f a c t  t h a t  t h e  Soviets  are i n  t h e  advanced 

The weakness o f  t he  sur face rover  i n  n e g o t i a t i n g  ove r . l ong  distances i s  
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made worse by t h e  f a c t  t h a t  a v a i l a b l e  Mart ian maps a re  o f  very low r e s o l u t i o n ,  
making i t  d i f f i c u l t  t o  c h a r t  a safe path from one s i t e  t o  t h e  next. 

t h e  payload mass f r a c t i o n .  This i s  due t o  t h e  l a c k  o f  c e r t a i n t y  a t  t h i s  p o i n t  
about t h e  a l lowable mass i n  Mar t ian o r b i t ,  which i s  a f u n c t i o n  o f  t h e  
present-day U.S. launch c a p a b i l i t y .  It was r e c e n t l y  decided i n  c lass  t h a t  t h e  
MLR program would - n o t  depend on an a b i l i t y  t o  perform o n - o r b i t  assembly o r  
r e f u e l i n g  operat ions as o u t l i n e d  i n  [l], but, ra the r ,  i t  would be designed f o r  
launch by an e x i s t i n g  o r  near- fu ture propuls ion system. It would, t he re fo re ,  
be a reasonable assumption t o  say t h a t  t h e  a l lowable o r b i t  mass f a l l s  halfway 
between t h e  f i g u r e  mentioned i n  [l], which i s  8,000 kg, and t h e  o r b i t i n g  mass 
o f  t h e  V ik ing  mission, which was roughly 3,800 kg, (2,500 kg o f  which was t h e  
o r b i t e r ) .  The o r b i t i n g  mass o f  the MLR system would then be about 6,000 ky. 
Assuming an o r b i t e r  s i m i l a r  t o  Viking, 3,500 kg would be l e f t  f o r  t h e  rover  
and i t s  s o f t  l and ing  system. 
rove r  (see Appendix), r e s u l t i n g  i n  a mass o f  650 kg. The rover  descr ibed i n  
[l]  was s i zed  a t  400 kg. The Vik ing lander  was 650 kg, and its s o f t  landing 
system was another 650 ky. The landed mass i n  [l] was 5,100 kg, and t h e  s o f t  
l and ing  system, 800 kg. A safe est imate f o r  a s o f t  l and ing  system appears t o  
be about 700 kg. This, added t o  t h e  est imated rove r  mass o f  650 kg, gives a 
minimum rove r -so f t  lander  mass o f  1,350 kg. 
needed f o r  t h e  m u l t i p l e  rove r  concept, then t h e  t o t a l  rover- lander  mass would 
be 5,400 kg, which exceeds t h e  3,500 allowable. I f  a rover  mass o f  400 kg and 
a lander  mass of 650 kg were assumed, and t h e  o r b i t e r  was on ly  1,000 kg 
( s i m i l a r  t o  t h e  one descr ibed i n  [l]), then t h e  t o t a l  o r b i t i n g  mass f o r  a 
4-rover system would be 5,200 kg, which i s  w i t h i n  t h e  t o t a l  a l lowable o r b i t  
mass o f  6,000 kg. 
b o r d e r l i n e  o f  be ing r e j e c t e d  due t o  payload considerat ions.  

One very unsubstant ia ted r a t i n g  number f o r  t h e  m u l t i p l e  rove r  concept i s  

Some rough c a l c u l a t i o n s  were performed t o  s i z e  a 

I f  a minimum o f  4 rovers were 

The conclusion i s  t h a t  t h e  m u l t i p l e  rove r  concept i s  on t h e  
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FALL OUARTER SUMMARY 

The f i r s t  qua r te r  o f  t h i s  design course proved t o  be q u i t e  use fu l  i n  
o r i e n t i n g  t h e  p a r t i c i p a n t s  t o  t h e  task, as we l l  as determin ing t h e  
v i a b i l i t y  o f  candidate so lu t ions .  
launch c a p a b i l i t i e s ,  a mass o f  approximately 6,100 kg has been basel ined f o r  
t h e  package d e l i v e r e d  i n t o  Mars o r b i t ,  t r a n s l a t i n g  i n t o  a landed mass o f  
1,650 ky and an o r b i t e r  mass o f  2,800 kg. These f i g u r e s  may vary 
s i g n i f i c a n t l y  as t h e  descent system i s  def ined. 

The s o f t  l and ing  and r o v i n g  systems need t o  be designed i n  a h i g h l y  
i n t e r a c t i v e  fachion. 
systems be complimentary and dual -purpose, where reasonable. 
and l o c a l  m o b i l i t y  c a p a b i l i t i e s  w i l l  a f f e c t ,  t o  a l a r g e  ex ten t ,  t h e  s e l e c t i o n  
of t h e  i n i t i a l  l and ing  s i t e ( s )  because o f  t h e  degree o f  c o n t r o l l a b i l i t y  i n  t h e  
var ious  rove r  systems (ba l l oon  as compared t o  a wheeled veh ic le ) .  

Overa l l ,  t h e  i n i t i a l  s i z i n g  and scoping exerc ises performed du r ing  t h i s  
phase o f  design a l lowed t h e  p a r t i c i p a n t s  t o  focus upon t h e  systems p r e f e r r e d  
f o r  f u r t h e r  study du r ing  Winter and Spr ing Quarters. 

Based upon t h e  a v a i l a b l e  and near - fu tu re  

It was recognized t h a t  e f f i c i e n c y  requ i res  t h a t  these 
The p lanetary  

MODIFICATIONS 

I n  l i g h t  o f  i n fo rma t ion  comnunicated t o  Dr. Frank Redd du r ing  t h e  
conference o f  December 1-3, 1986 t h e  mass launch r e s t r i c t i o n s  imposed du r ing  
t h i s  design phase have been relaxed. Instead, t h e  mass es t imat ions  employed 
i n  t h e  NASA Advisory Council r e p o r t  w i l l  be used f o r  subsequent 
i n v e s t i g a t i o n s  ( landed mass approximately 5,000 kg). 

W I NTER QUARTER OBJECT1 VES 

! , Dur ing t h e  next  academic per iod,  t h e  candidate systems presented above, 
w i l l  be i n v e s t i g a t e d  more thoroughly  and de f ined i n  terms o f  the  base l ine  
mission. These s tud ies  w i l l  i nc lude  budget ing of power, op t ions  f o r  
locomotion ( l o c a l  and planet-wide),  s i z i n g  o f  o r b i t e r  and o r b i t e r  subsystems, 
s i z i n g  and d i s t r i b u t i o n  o f  mass o f  l ander / rove r (s ) ,  and l o c a t i n g  i n i t i a l  
l and ing  s l t e ( s ) .  I n  l i g h t  o f  recent  ba l l oon  t e s t s ,  t h e  development o f  a 
1 ander volume/mass s imu la to r  i s  a l so  being inves t iga ted .  Such a dev ice cou ld  

I 

I 
1 

be q u i t e  use fu l  i n  t h e  eva lua t i on  o f  p o t e n t i a l  ba l l oon  conf igura t ions .  
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